Glucose regulated protein 78 (Grp78) is a chaperon which acts in the protein folding. Cell-surface Grp78 is present on the surface of different type cancer cells. There are evidences that acetylsalicylic acid (ASA) provides advantages when combined with other chemotherapeutic agents in cancer patients. Resistance is an important problem in cancer treatment and etoposide is a drug which develops resistance against itself. Our purpose in this study is to see how the ASA, either used alone or combined with etoposide, affect on the HepG2 cell viability and to investigate the relationship of this viability with the cell-surface Grp78. Thus 12 different groups were assigned. Control group, 0.5 µg/ml etoposide group, 2.5, 5, 10 mM ASA groups, 10 mM 2-deoxyglucose (2-DG) + 0.5 µg/ml etoposide group and the groups added to this group with 2.5, 5 and 10 mM ASA respectively, 10 mM 2-DG +2.5 mM ASA group, 10 mM 2-DG + 5 mM ASA group, 10 mM 2-DG + 10 mM ASA group. MTT test was applied for the follow up of the viability of the cells. When the viability in etoposite group was %84.5, the viability in 2-DG+etoposit group was %75.4. This shows that 2-DG decreases the viability of the cells a little. Also, when ASA is applied alone or combined with 2-DG, it caused decrease in the cell viability but this effect was more significant when combined with 2-DG. When etoposide and ASA were combined, the decrease in high-dose viability was more significant. Cell surface Grp78 levels were higher in the group in which 2-DG and ASA were combined each other than the group in which ASA was applied alone. All these results show that cell-surface Grp78 is important for ASA showing its effect. New treatment protocols focused on the cell-surface Grp78 in cancer treatment can be revealed by further studies.
INTRODUCTION
The glucose regulated protein 78 (Grp78), determined by the increase of the synthesis in the chicken embryo fibroblasts culture processed with glucose free medium in 1977 first, is a chaperon acting in the protein folding in endoplasmic reticulum. 1 Grp78 is localized in nucleus 2 , mitochondria 3 and cytoplasm 4 , cell surface (cell-surface Grp78) 5 and it is so important for the cell to continue living. [6] [7] [8] Cell-surface Grp78 is present on the surface of different cancer cells such as melanoma cell line (Me6652/4), osteosarcoma (SJSA-1) and hepatoma cell line (HepG2). 9 The interaction of cell-surface Grp78 with different molecules on the cell surface cause the activation of different signal pathways. The interaction of cell-surface Grp78 and α2-makroglobulin on prostate cancer cell line 1-LN increase metastasis. 10 The interaction of cell-surface Grp78 and α2-makroglobulin also increase cell proliferation and cell survival. 11 Cripto1, taking place in the embryological development and tumor progression, increase tumour growth being complexed with cell-surface Grp78. The prevention of the formation of this complex by the antibodies decreases the formation of oncogenical signal formation. 12 Some molecules connected to cell-surface Grp78, can cause exact opposite effects. For example; when Par-4 and TRAIL (tumor-necrosis factor-related apoptosis-inducing ligand) are connected, it causes activation in extrinsic apoptotic pathways. 13 Grp78 is present on the surface of proliferated endothelium cells.
14 When the tumour tissues grow, they need neovascularization in order to provide feeding and oxygenation. On the membrane surface of HUVECs (human umbilical vein endothelial cells) stimulated by VEGF (vascular endothelial growth factor), an increase in Grp78 quantity is seen.
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Grp78 interacts with caspase-7 by the courtesy of ATP binding domain in its structure and prevents apoptosis. ATP binding domain has also an ATP hydrolysis effect and the mutation in this domain eliminates the apoptosis preventing effect of Grp78. 16 Lots of epidemiological and experimental studies are performed regarding to the benefits of acetylsalicylic acid (ASA) used on the cancer patients. [17] [18] Inhibition of potential neoplastic prostoglandins formed by Cyclo-oxygenase 2 (COX2), by ASA provides potential protection against cancer. 19 As an example, the prostaglandin levels in colorectal tumor tissues are high and it is thought that the cyclo-oxygenase (COX) inhibition of ASA or non-steroidal anti-inflammatory (NSAIDs) drugs provides benefit. [20] [21] ASA activates different signal pathways and causes apoptosis. 22 ASA used in hepatocellular carcinoma (HCC), prevents lung metastasis by decreasing the quantities of intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1). 23 There are various studies in respect of the usefulness of etoposide in HCC treatment. 24 Etoposide causes apoptosis by interacting with topoisomerase II. 25 Also, by increasing the reactive oxygen species (ROS) quantity, it also causes apoptosis by protein kinase C delta (PKCδ), p38 MAPK and caspase-3 stimulation. 26 The resistance development in cancer treatment is the most important problem. During the etoposide treatment, resistance can also be seen and the studies are still ongoing for the auxiliary drugs which will provide the elimination of this resistance. Our purpose in this study is to see how the ASA, whether used alone or combined with etoposide, affect on the cell viability and to investigate the relationship of this viability with the cell-surface Grp78.
MATERIALS and METHODS

Cells and passaging:
In our study, the passage 17 HepG2 (human hepatocellular carcinoma) cells were used. The cells are reproduced in a drying oven with 37 0 C, 5% CO2 and 95% humidity within DMEM medium (Biological Industries, Israel) including 10% fetal bovine serum (FBS) (Sigma Aldrich, USA), 100 U penicillin/ 0.1 mg streptomycin (Sigma Aldrich, USA), 4 mM L-Glutamine (Biological Industries, Israel) and 1 g/L D-glucose. When the cells were 70-80% confluent, they were passaged.
Determination of the cell quantity in the working groups: In order to obtain significant data in drug experiments; the initial cell quantity should be selected carefully. Thus, the cell quantity to be used in the experiment was determined by the real time cell analyzer system (xCELLigence RTCA DP, Roche, Germany). A preliminary experiment was prepared and the cells were planted in the wells with different quantities and the growth curves were obtained. Thus, 6 groups with different cell quantities were created: (1) 40,000 cells/well, (2) 20,000 cells/well, (3) 10,000 cells/well, (4) 5,000 cells/well, (5) 2500 cells/well, and (6) 1,250 cells/well. In our study, the cell quantity was determined as 5,000 cells/well and the drugs were applied after the planted cells were reproduced for 24 hours (Graphic 1).
Working groups: In our study, 12 groups were generated. These groups were; (1) control group, (2) 0.5 µg/ml etoposide (Kocak, Turkey) group, (3) 2.5 mM acetyl salicylic acid (Bayer, Germany) group, (4) 5 mM acetyl salicylic acid group, (5) 10 mM acetyl salicylic acid group, (6) 10 mM 2-deoxyglucose (2-DG) (Sigma Aldrich, USA) and 0.5 µg/ml etoposide group, (7) 10 mM 2-deoxyglucose, 0.5 µg/ml etoposide and 2.5 mM acetyl salicylic acid group, (8) 10 mM 2-deoxyglucose, 0.5 α2g/ml etoposide and 5 mM acetyl salicylic acid group, (9) 10 mM 2-deoxyglucose, 0.5 α2g/ml etoposide and 10 mM acetyl salicylic acid group, (10) 10 mM 2-deoxyglucose and 2.5 mM acetyl salicylic acid group, (11) 10 mM 2-deoxyglucose and 5 mM acetyl salicylic acid group, (12) 10 mM 2-deoxyglucose and 10 mM acetyl salicylic acid group.
In 7 of the 12 groups generated in our study, the cells were reproduced in 10 mM 2-DG medium instead of 1 g/L D-glucose. The remaining 5 groups are reproduced in 1 g/L D-glucose medium. The drugs were applied on the 24th hour after the cells were planted in the real time cell analyzer plates and the growth curves of the cells in every group were followed for 54 hours.
3-(4, 5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) Assay:
MTT test was used to measure the viability of the cells was applied according to the instructions of the manufacturing company (Roche, Germany). The principle of the test is based on converting the yellow colored MTT to purple colored formation compounds by the living cells and measuring the color obtained. In this reaction, NADH and NADPH were used as cofactors. 96- well tissue culture plate 5,000 cells/200 µl/well were planted and they were kept waiting for 24 hours in a drying oven with 5% CO2 95% humidity at 37°C. After 24 hours, the drugs were applied separately for every group and they were kept in the incubator for 24 hours. Then, the cells were incubated at 37°C for 4 hours in 0.58 mg/ml MTT solution which was prepared in PBS. After incubation, 10% SDS prepared in 0.01 M HCl was added and it was kept in a drying oven with 5% CO2 and 95% humidity at 37°C for a night and the color formed was measured at 550 nm wavelength by the microplate reader (BioTek Instruments, USA).
Measurement of Cell surface Grp78 levels:
Cell surface Grp78 quantity was studied with the Cell ELISA method. ELISA method was designed by us. 96 well tissue culture plate 5,000 cells/200 µl/well were plated and they were kept waiting in a drying oven with 5% CO2 and 95% humidity at 37 0 C for 24 hours. The drugs in every group were applied separately to the cells after 24 hours. After 24 hours within the medicated medium, all the wells were washed out with PBS and the cells were fixed with 100 µl 3.7% formaldehyde and incubated for 20 minutes at room temperature. Then the wells were washed out with PBS, a blocking buffer including 1% bovine serum albumin was added and incubated for an hour at room temperature. The wells were washed again with PBS and Grp78 rabbit polyclonal IgG primary antibodies (Santa Cruz, USA) were added. After washing with PBS, anti-Rabbit IgG polyclonal secondary antibodies related to horseradish peroxides (Sigma Aldrich, USA) were added and incubated. Tetramethylbenzidine was added to the wells and it was read at 655 nm by the micro plate reader (BioTek Instruments, USA).
Staining with Janus Green: Staining with Janus Green for the normalization of every well of the plate was performed by modifying the method of Raspotnig 27 et al. After reading at 655 nm, the plate was washed with distilled water. Janus Green B (pH: 7.1-7.2, Acros Organics, Belgium) was added and it was incubated at 20-25 0 C for 5 minutes. Then the stain was removed and the plate was washed with distilled water. 0.5 N HCl was added, incubated at 20-25 0 C for 10 minutes and the absorbance was measured at 615 nm. The values measured at 655 nm were compared with the values measured at 615 nm and normalization was performed per well.
Statistical analysis:
All the data were analyzed using the statistical software SPSS 15.0 (SPSS, Chicago, IL). For the group comparisons, Mann-Whitney U test was used. The values were given as median, minimum value and maximum value. The significance level was accepted as α= 0.05.
RESULTS
HepG2 cell quantity to be planted at every well of the plate was determined as 5,000 cells/well (Graphic 1).
2-DG was used in the study in order to provide hypoglycemic and hypoxic environment in which the cells are present in the center of cancer in 7 groups.
Different treatment applied for every group affected the cell viability disparately. In this study, MTT assay was used to follow up the cell viability. In the cell viability test performed by MTT; the viability of the control group was accepted as %100 and the viability of the other groups was given by comparing them with the control group. When we look at the viability in 2.5, 5 and 10 mM ASA given alone groups, the maximum was in the 2.5 mM group, and the minimum was in the 10 mM group (Graphic 2).
In the groups where 2-DG and ASA were combined, cell death was quite much than the groups where only ASA was given. When viability was %81.62, 77.76% and %68.28 in the 2.5, 5 and 10 mM ASA group respectively; viability was 22.47%, 19.82% and 15.53% in the 2-DG+2.5 mM ASA, 2-DG+5 mM ASA and 2-DG+10 mM ASA group respectively. When the cell viability in etoposide group was 84.49%, the cell viability in 2-DG+etoposide group was 75.40%. This shows us that the 2-DG increase the effect of both ASA and etoposide. When 2.5, 5 and 10 mM ASA was added to the 2-DG+etoposide group; the cell viability was 69.18%, 64.38% and 15.24% respectively. This means that ASA increase its effect on etoposide both in the medium with 2-DG and without 2-DG (Graphic 2).
When the cell-surface Grp78 quantity in the 2.5 mM ASA and 5 mM ASA groups are compared with the control group, they didn't show any significant changes (p= 0.126 and p= 0.672, respectively), but the quantity in 10 mM ASA group is compared with the control group, it was found significantly high (p= 0.035). The quantity in the etoposide alone given group was significantly decreased (p=0.044) ( Table 1) .
When compared with 2-DG+etoposide group, the cell surface Grp78 levels of 2-DG+etoposide+5 mM ASA and 2-DG+etoposide+10 mM ASA groups were found significantly higher (p= 0.019 and p= 0.023, respectively). However, no significant change was recorded in the 2-DG + etoposide+2.5 mM ASA group (p= 0.170). This shows that when the given ASA dose increases, cell-surface Grp78 quantity also increases (Table 2) .
DISCUSSION
In order to determine the effects of the drugs on the cell, first of all the cells should be planted in the wells with equal quantities. Approximately 24 hours should be waited in order to have the cells get fixed and grew and then the material of which the effect will be tried should be added. After the cells are planted and after they pass through the fixation and exponential growth stages, they reach to the plateau phase. At this point the cells fill the surface of the culture plate completely and they start to get off from the surface and die because of the insufficiency of medium and the area. The best cell quantity for the drug application to be performed 24 hours after the cells are fixed, is determined according to the initial cell quantity which has reached to the exponential growth stage after 24 hours. When the literature is reviewed, it will be seen that the quantity of HepG2 cell used in the in vitro studies are different such as 10 3 cells/well. 29 For the determination of the cell quantity, our method is far away from subjectivity and in this study, 5 x 10 3 cells/well cells are used.
There are some regions in the structure of the solid tumors where glucose deprivation and hypoxia are seen because of the insufficiencies in vascularization. Hypoxia and hypoglycemia causes acidosis and changes in the cell metabolism and the metabolism of these regions are different from the metabolism of other regions and these areas are mostly take place in the center of the tumor. These areas in the center of the tumor form the most aggressive part and in order to provide a complete curing; these areas in the center should be deactivated. 30 In our study, 2-DG was used to stimulate this glucose deprive and hypoxic areas in the tumor structure. As seen in the MTT assay, when the viability in the etoposide group is high, Table 2 . Comparison of the cell surface Grp78 levels of the 2-DG + etoposide given group with 2-DG + etoposide + 2.5 mM ASA, 2-DG + etoposide + 5 mM ASA, 2-DG + etoposide + 10 mM ASA given groups. The results were given as median, minimum value and maximum value. Although the mechanism of antitumor activity of ASA is not known definitely, prostaglandin endoperoxide H synthases-2 (PGHS-2, COX-2) inhibition which is the target of non-steroidal anti-inflammatory drugs has an important role in reviewing this effect. Salicylic acid, the metabolite of ASA, causes depression in COX-2 messenger RNA (mRNA) and protein expression in the endothelial cells and fibroblasts with 10-4-10-5 mol/L concentrations. 31 If ASA is at higher doses, it induces apoptosis with the mechanisms different than the COX inhibition. For example, it adjusts proapoptotic gen PAWR 32 and antiapoptopic gen BCL2L1. 33 Also, they cause the increase of the protein quantity in the DNA repairing mechanism and provide the renovation of the mismatches created in DNA. 34 Together, inhibition of the phenol sulphotransferase, which is the carcinogen activator of ASA, can also be important in terms of the prevention of tumor formation. 35 Salicylates also provide p38 mitogen-activated protein kinase activation and stimulate apoptosis. [36] [37] [38] As can be seen, ASA induces apoptosis by using different mechanisms and shows an antitumor effect. In our study, ASA shows an antitumor activity on the HepG2 cells. Viability in the 2.5 mM, 5 mM and 10 mM ASA groups is determined as 81.6%, 77.8% and 68.3% respectively. When ASA is combined with 2-DG, it has the same effect on the HepG2 cells. Viability in the 2-DG+2.5 mM ASA, 2-DG+5 mM ASA and 2-DG+10 mM ASA groups is determined as 22.47%, 19.82% and 15.53% respectively (Graphic 2). These results present that ASA shows antitumor activity both in the center and in the peripheral area of the tumor and when the dose increases, the viability decreases as inversely proportional. ASA may have used the above mentioned mechanisms when providing these effects.
There are some studies showing that ASA can be beneficiary in the hepatocellular cancer treatment. For example, in the study performed by Abiru 39 et al., HepG2 invasion skill induced by the hepatocyte growth factor (HGF) and matrix metalloproteinase (MMP) 9 activity decreases when ASA is given. The cell line used in our study is the HepG2 cell line having the hepatocellular carcinoma cell line. As can be seen in Graphic 2, ASA caused reduction in the HepG2 cell line viability. This also shows that ASA can be useful in the treatment of liver cancer.
In the study performed with the Chinese hamster ovary (CHO) and T24/83 human bladder carcinoma cell lines; there is correlation between the Grp78 over-expression and the etoposide resistance. Exposing the cells to etoposide for a long time, it causes the Grp78 levels increase. Applying etoposide to the media, it causes an increase in the caspase-7 levels and has the cell to go to apoptosis however Grp78 over-expression prevents apoptosis and as a result of this, resistance against the etoposide treatment occurs. In the structure of Grp78; ATP binding/hydrolysis activity is present and the interaction of this region with caspase-7 is very important in terms of affecting apoptosis. 2, 40 When the viability of the cells is observed in the MTT test; the viability in 10 mM 2-deoxyglucose + 0.5 µg/ml etoposide group was 75.4%, additional to these drugs, the given 2.5 mM, 5 mM and 10 mM ASA doses are approximately 69.2%, 64.4%, 15.2% respectively. ASA used in our study, leads the ATPaz inhibition, inhibits the 6 UHOD Number: 3 Volume: 22 Year: 2012 Graphic 2. Showing the cell viability in the groups with 3-(4, 5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium bromide (MTT) Assay. The control group was accepted as %100 and the decreases in the other groups were given by comparing with the control group.
(1) Control group, (2) 0.5 µg/ml etoposide group, (3) 2.5 mM acetyl salicylic acid group, (4) 5 mM acetyl salicylic acid group, (5) 10 mM acetyl salicylic acid group, (6) 10 mM 2-deoxyglucose + 0.5 µg/ml etoposide group, (7) 10 mM 2-deoxyglucose + 0.5 µg/ml etoposide + 2.5 mM acetyl salicylic acid group, (8) 10 mM 2-deoxyglucose + 0.5 µg/ml etoposide + 5 mM acetyl salicylic acid group, (9) 10 mM 2-deoxyglucose + 0.5 µg/ml etoposide + 10 mM acetyl salicylic acid group, (10) 10 mM 2-deoxyglucose + 2.5 mM acetyl salicylic acid group, (11) 10 mM 2-deoxyglucose + 5 mM acetyl salicylic acid group, (12) 10 mM 2-deoxyglucose + 10 mM acetyl salicylic acid group.
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ATPaz region in the structure of Grp78 and can prevent the interaction of Grp78 with caspase-7. This inhibition made by ASA increases the apoptosis, performing via caspase-7 and can cause cell deaths.
In our study, the cell-surface Grp78 levels, not intracellular Grp78 levels, are measured. Cell surface Grp78 levels in the etoposide group decreased significantly but it has increased significantly in the 10 mM ASA group. When compared to the 2-DG+eto-poside group, cell surface Grp78 levels are found significantly high in the 2-DG+etoposide+5 mM ASA and 2-DG+etoposide+10 mM ASA groups. When the literature is reviewed, Grp78 over-expression prevents damages in ER stress exposed to normal tissues and causes cancer progression and drug resistance in the neoplastic cells. 41 However according to our results, as being different from Grp78, the cell-surface Grp78 levels and cell viability increase inversely proportional. This increase in the Cell-surface Grp78 levels can be inductive in the realization of apoptosis and further studies can be tried with new treatment options in which the cell-surface Grp78 is aimed.
The purpose is to convert the monomeric form which is the active form of (-) -Epigallocatechin gallate (EGCG) Grp78 into inactive dimeric or oligomeric form. 42 As EGCG, ASA brings the monomeric form of Grp78 into dimeric and oligomeric form and could inhibit the effect of Grp78 and thus the cell deaths could be increased. ASA and sodium salicylate are connected to Bip/GRP78/PERK complex in ER and can cause the auto activation of PERK and the phosphorilation of eIF2-α. It is in turn causes cell deaths via apoptosis. 43 Studies for the relationship of ASA with cancer are still in progress. A part of the results shows that positive results are obtained in cancer treatment but on the other hand, another part shows that they are not useful in the treatment. In our results, it is shown that ASA can play a positive role in the treatment of cancer and cell surface Grp78 can have a role in this effect. However, more studies are needed to see exact results in this field.
